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Purpose: Super-Bond C&B is a self-cure dental adhesive system was introduced in Japan in the 
year of 1982 for general dental adhesive use. Super-Bond C&B containing 4- META/MMA-
TBB and it is well known as a 4-META/MMA-TBB resin to the dentist all over the world. This 
adhesive system is now widely recognized by dentists around the world for its bond strength and 
high reliability. Recently, restorative materials with multifunctional properties have been 
incorporated in to clinical adhesive. The antibacterial monomer MDPB (12- 
methacryloyloxydodecylpyridinium bromide) is good example for such a material.  Multifunctional 
materials should have mineralization activity with self-repairing property, adhesion activity with 
long term durability, mechanical property and antibacterial activity etc. However, the long-term 
durability of resin-dentin bonds continues to require improvement to avoid occurrence of 
secondary caries. Incomplete resin impregnation into the collagen network leaves a nano- size 
space in the exposed zone of demineralized dentin at the base of the hybrid layer. It has been 
known that the exposed collagen fibrils in this region are susceptible to degradation over time, 
leading to a reduction in bond strength. It was previously shown that a model demineralized 
dentin, phosvitin (PV) covalently linked to agarose beads, induce mineral formation in vitro. The 
purpose of this study was to determine whether ions released from SB containing CaCl2 can 
accelerate apatite induction by a model demineralized dentin at resin dentin interface, at the same 
time dentin adhesion activity and mechanical property of SB containing CaCl2 can perform 
better or same as SB.  
 Materials and methods: PV immobilized on agarose beads with divinyl sulfone was used as a 
model demineralized dentin. The eluates from SB and SB with CaCl2 were used for making 
mineralizing solution. The PV-beads in mineralizing solution were incubated at 37⁰ C; 
specimens were taken at several time points during the incubation. Then the PV-beads were 
analyzed for bound calcium by atomic absorption spectrometry (AA). The specimens were 
analyzed by micro area X-ray diffraction and the mineral was formed. Additionally the 
specimens were observed using scanning electron microscope (SEM). Flat dentin surfaces in 
extracted non-carious human third molars were created in mid-coronal dentin perpendicular to 
the tooth’s longitudinal axis using a slow-speed diamond saw (Isomet, Buehler, Lake Bluf, IL, 
USA) to remove occlusal enamel and superficial dentin. Composite rod was made by composite 
resin (Beautifil ; Shofu) and attached to the dentinal surface by using 4-META/MMA-TBB resin 
with different percentages of CaCl2. The tooth was divided into 4 groups; SB as a control group, 
SB with 5%, 10% and 30% CaCl2 as experimental groups. Sample preserve with distilled water 
at 37
0 
C for 24 hours, 3 months and 6 months also. Micro tensile bond strengths were measured 
with EZ Test (Shimadzu) and analyzed statistically after 24 hours, 3 and 6 months. Fracture 
pattern was also analyzed by using scanning electron microscope (SEM). Specimen was 
prepared for SEM/EDX analysis of resin-dentin interface was prepared in the same way of 
micro-tensile. Dentin cross sectional sample size was 2mm in width. The tooth samples were 
polished by sand paper (Grit-600/P-1200) and then they were carbon coated. SEM/EDX analysis 
of resin-dentin bonding interface was done by the scanning electron microscope with energy 
dispersion type X-ray detector (SSX-550, Shimadzu, Kyoto, Japan).  SB mixed with 5%,10% 
and 30% CaCl2 and make the specimen for Vickers hardness test by using round rod shape metal 
mold. Then the mold with resin mix was kept in to the 37
0 
C for 2 hours, after 2 hours the mold 
with resin mix was replaced to the outside from the oven and kept it at room temperature for well 
set of the resin mix. When the resin mix was well set and the specimen was ready then the 
specimen was removed from the mold and with distilled water preserved it at 37
0 
C for 24 hours, 
after 24 hours finishing and polishing the surface of the specimen was done and finally Vickers 
hardness test was done by hardness tester (MVK-F, Akashi, Hyogo, Japan) and analyzed 
statistically. On the other hand, specimen was prepared for 3 point bending test by using flat rod 
shape metal mold with SB containing 5%, 10% and 30% CaCl2. After setting, remove the 
specimen from the mold and preserve the specimen with distilled water at 370C for 24 hours. 
After 24 hours 3 point bending test was done by Autograph (AG-IS; Shimadzu) for measuring 
the bending strength as well as the elasticity and analyzed statistically. After 3 point bending test 
the fracture part surface was analyzed by SEM. Viscosity was also analyzed by MARS III 
device.  
Results and Discussion: Amount of calcium was increase and mineral induction time was 
decreased with increasing concentration of CaCl2. SB with 30% CaCl2 reduced induction time 
compared to other groups. The mineral crystal induced was identified as apatite by X-ray 
diffraction. Micro tensile bond strength of SB with 5% or 10% CaCl2 stored for 6 months in 
distilled water showed no significant difference compared with control group. In case of SB with 
30% CaCl2 bond strength were decreased compare to control group. After analyzed the fracture 
pattern showed the same result as micro tensile bond strength. SEM/EDX analysis demonstrated 
that a few CaCl2 particles existed localizedly on the hybrid layer and that the particle size of 
CaCl2 was approximately 20 µm, which was much larger, as compared with the thickness of the 
hybrid layer .The presence of small CaCl2 particles in the SB+5% CaCl2 layer was not confirmed 
by EDX spectrum. Vickers hardness of SB with 5% CaCl2 after 24 hours showed no significant 
difference compare to control group but in case of SB with 10% and 30% CaCl2 hardness were 
decreased than the control group. 3 point bending test after 24 hours the maximum strength 
results showed no significant difference between SB (control group) and SB with 5% CaCl2 
group but in case of SB with 10% and 30% CaCl2 the maximum bending strength was decreased 
than the control group. The elastic modulus test elasticity results for the SB-only control, and the 
SB + 5% and 10% CaCl2 samples showed no significant difference, however the elasticity of the 
SB + 30% CaCl2 group decreased significantly compared with the control group. SEM images 
analysis of the fracture part surface after 3 point bending test, the image of SB with 5% CaCl2 
group showed no difference compare to the image of control group. After viscosity analysis SB 
with up to 10% CaCl2 showed no difference. 
     The amount of calcium increased and the mineral induction time decreased with increasing 
CaCl2 concentration. SB with 5%, 10%, and 30% CaCl2 showed a reduced induction time 
compared with the control group. Ca
2+
 bound to phosphoprotein can form HA crystals, and 
dentin mineralization occurs. In this experiment, the mineral crystal induced was identified as 
apatite by XRD. SEM images showed plate-shaped crystals in every group. The results from this 
study suggest that adhesive resins composed of SB containing CaCl2 have the potential for self-
repair with regard to interfacial leakage. Mineral crystal formation can seal nano-sized micro-
leakage spaces to effect better adhesive and mechanical properties. However, the micro-tensile 
bond strength of the 5% CaCl2 groups showed no significant difference compared to the control 
group after 24 h, 3 months, and 6 months, suggesting that the addition of CaCl2 to SB did not 
improve the durability of the adhesion interface between dentin and resin in the presence of 
water. The CaCl2 particles contained in SB was not effective in initiating remineralization of 
nano-sized micro-leakage space under the hybrid layer. It was found from SEM/EDX analysis 
that there were two problems to be solved for SB with 5% CaCl2 employed in this study. Firstly, 
CaCl2 particles were not included in hybrid layer due to their significantly large size, compared 
with the size of PMMA particles and the thickness of the hybrid layer. Secondly, CaCl2 particles 
were not distributed uniformly over the entire surface of the hybrid layer but there were localized 
at some specific areas.  
Conclusion: The results from this study suggest the use of SB + 5% CaCl2 as a candidate for a 
new dentin adhesive material when considering interfacial leakage and long-term durability. 
Further studies are necessary to develop a novel dentin adhesive containing CaCl2 particles with 
self-repairing property. 
